Introduction
When A. B. Frank unambiguously identified the symbiotic nature of mycorrhizal fungi in the late 19 th Century, the paradigm of function roles for fungi shifted from the view of all fungi as either antagonistic parasites or decomposers to one where fungi became essential mutualistic partners for other life forms (Trappe, 2005) . We know today that fungi engage in many kinds of intimate mutualistic associations with a wide range of organisms such as vascular plants (Brundrett, 2004; Busby et al., 2016) , insects (Aanen et al., 2002) , green algae and cyanobacteria (Hawksworth, 1988) , bryophytes (Pressel et al., 2010) and bacteria (PartidaMartinez et al., 2007) . An understanding of complex shared features of fungal mutualisms and symbioses can help uncover extraordinary patterns of co-diversification, coevolution and community assembly between all biological kingdoms. In addition, the recognition of the diversity of specialized functions within specific groups or guilds of symbiotic organisms is an imperative next step towards modeling their associated effects on community dynamics and integral ecosystem level processes.
Interest in ectomycorrhizal fungi, a dominant ecological guild in both biomass and enzymatic activity of many forested ecosystems, has increased as ecological studies attempt to model the flux of carbon (C) through ecosystems in the face of global accumulation of atmospheric C (Treseder & Allen, 2000; Lindahl et al., 2007; Smith & Read, 2008) . Ectomycorrhizal fungi are essential mutualistic partners to many trees and shrubs in forested ecosystems, where fungi act as a substantial extension of the root system of plants, aiding in scavenging water and other nutrients in exchange for C allocation from the plant. To fulfil this role, it has been suggested that ectomycorrhizal fungi utilize a suite of mostly oxidative enzymes that decompose soil organic matter, which releases stored C, especially under low organic nitrogen (N) conditions (Baskaran et al., 2017) . This suggestion of ectomycorrhizal decomposition is controversial because it challenges the saprotrophy/biotrophy paradigm, yet only partial evidence has been shown to support its significance (Lindahl & Tunlid, 2015; Martin et al., 2016; Pellitier & Zak, 2018) . It is therefore essential to understand the ecosystem functioning of ectomycorrhizal fungi in relation to decomposition and nutrient fluxes between fungi and plant symbionts.
The age of genome-enabled mycology, looking at broad trends between the genomes of multiple lineages of fungi, was initiated at a large scale by the Fungal Genomics Program through the Joint Genome Institute (JGI) with a focus on energy and environmental science applications Hibbett et al., 2013) . Through support from the Fungal Genomics Program, the Saprotrophic Agaricomycotina Project uncovered the evolution of decay mechanisms in over 30 different species of mostly wooddecaying fungi representing 12 orders, thus contributing to a much more complex understanding of decomposition that transcends the brown rot/white rot paradigm (Floudas et al., 2012; Hibbett et al., 2013; Riley et al., 2014) . the Mycorrhizal Genomics Initiative also emerged from the Fungal Genomics Program; this initiative has targeted at least 25 lineages of mycorrhizal fungi to identify the underlying genetic mechanisms for symbiosis formation and test whether these mechanisms are shared across ectomycorrhizal lineages (Plett & Martin, 2011; Kohler et al., 2015) . This largescale genomic study has generated hypotheses that have already yielded many important discoveries including a pattern of convergent loss of some metabolic functions and the evolutionary development of effectors that interact with plant hosts to facilitate mutualistic interactions (Martin et al., 2016) . These patterns will need to be explored more thoroughly in larger datasets including more novel diversity. Although one of the main goals of the Mycorrhizal Genomics Initiative is to elucidate the genetic machinery behind the mycorrhizal synthesis among its independent lineages, here we will outline the Russulaceae Genome Initiative (RGI) that seeks to explore the functional diversity of this lineage as potential ecological niche specialization within a single lineage of ectomycorrhizal fungi.
The family Russulaceae has been targeted for dense genomic sampling for several reasons. Members of the Russulaceae, particularly the genera Lactifluus and Russula, are difficult to grow in culture for extraction of high molecular weight DNA and are therefore currently under-sampled. Species of Russulaceae are, however, common in forested ecosystems and often produce largebodied mushrooms that are ideal for extricating mostly axenic tissue from their inner context for genome sequencing. With a targeted effort, we have had success in isolating heterokaryotic cultures from diverse clades across the family, which is essential for experimental validation of gene function and provides the foundation for studying the group using various -omic approaches. The Russulaceae also comprises one of the most species-diverse lineages of ectomycorrhizal fungi with an estimated number of some 2000 accepted species (Kirk, 2017) . Given the relatively recent evolutionary age of the group, with a crown group origin of around 55 Myr ago (Ma) , only three other ectomycorrhizal lineages -Cortinarius, Boletaceae and Thelephoraceae -can be said to have gone through as rapid diversification as Russulaceae. A cluster of about five described corticioid species belonging to the genera Boidinia, Pseudoxenasma and Gloeopeniophorella have been recovered as part of Russulaceae (Larsson & Larsson, 2003) . Members of these three genera produce a resupinate habit on wood and are putative white-rot saprotrophs (Miller et al., 2006) . The RGI has targeted fourteen species of Russulaceae for genome and transcriptome sequencing in an attempt to sample the breadth of phylogenetic diversity of the family, including Gloeopeniophorella (Table 1) . Having sampling for a diverse group in Russulaceae including species-poor, saprotrophic outgroups will allow us to identify patterns in genome evolution that may be a product or driver of diversification.
Russulaceae is one of thirteen families of the order Russulales (Basidiomycota), a group diverse in nutritional modes, basidiocarp morphologies and ecological habits (Miller et al., 2006) . The ectomycorrhizal habit has evolved at least twice in the Russulales (once in the Russulaceae and again in the Albatrellaceae), yet Russulaceae dominates the order in terms of taxonomic diversity. For example, Russulaceae comprises over 2000 species compared with the next most diverse family, Stereaceae, which contains an estimated 290 species (Fig. 1) . Species of Russulaceae are ecologically impactful on their plant host communities, evidenced by their high species diversity and transcript abundance in soil . For example, species of Russula can be late-stage colonizers of forests, indicating they are likely important for stabilizing nutrient networks in mature and old-growth forests (Twieg et al., 2007) .
In this review, we provide a brief overview of Russulaceae in context of its global diversity, evolution, ecology and known functional diversity. We also highlight hypotheses ideal to test with the Russulaceae genome dataset in the hopes of spurring investigation and collaboration focused on studies of functional diversity within the family and order (Table 2) .
Diversification, distribution and evolution of diverse plant associations
What processes drive the high species diversity we see in ectomycorrhizal lineages such as Russulaceae? This is a major question needing to be addressed by evolutionary biologists. An evolutionary shift to the ectomycorrhizal habit has been shown to impart an overall higher diversification rate in some ectomycorrhizal lineages compared to closely related saprotrophic taxa (S anchez-Garc ıa & Matheny, 2017; Wilson et al., 2017) . At a local scale, dozens of ectomycorrhizal lineages and species of the same lineage co-occur in the same environment and even with a single plant host individual (Bahram et al., 2011) . Allopatric speciation due to dispersal limitation has been favoured as the primary process for speciation as we observe few co-occurring sister species and conserved enzymatic regimes in geographically segregated fungal communities (Geml et al., 2008; Talbot et al., 2014) . Notable exceptions to this pattern exist in Russulaceae as specific groups such as Russula subsection Violaceinae and the Lactifluus volemus group frequently have multiple closely related species co-occurring at the same site. At a global scale, ectomycorrhizal fungi exhibit a distribution pattern counter to the latitudinal biodiversity gradient, where ectomycorrhizal fungal diversity peaks near the temperate/ boreal interface and declines towards the tropics (Tedersoo et al., 2012) . This pattern is likely governed by a combination of abiotic and biotic factors, such as seasonality, moderation of precipitation, edaphic factors and plant host diversity, contributing to a higher net diversification rate in fungal symbionts, rather than diversity driven by continuous dispersal from tropical regions (S anchez-Ram ırez et al., 2015; Looney et al., 2016) . If functional diversity is high within the Russulaceae, we should expect the aforementioned factors to be the main drivers of diversification. However, the exact mechanisms or how these factors have driven adaptation, specialization, and evolution of functional traits and ecosystem function still need further explanation.
The ectomycorrhizal Russulaceae lineage comprises four genera: Russula (c. 1108 spp.), Lactarius (c. 585 spp.), Lactifluus (c. 128 spp.), and Multifurca (six spp.), of which the RGI has sampling from major groups of all genera (Kirk, 2017; Fig. 2) . The group began to diversify between 55 and 61 Ma (45-74; 95% highest posterior density interval) during the early Palaeogene when global climates began gradual cooling trends that continued through the ice ages of the late Pleistocene (Zachos et al., 2001; Looney et al., 2016; Wisitrassameewong et al., 2016) . We hypothesize that the group originated in the palaeotropics. Lactifluus, identified as sister to the rest of the ectomycorrhizal Russulaceae, is a largely tropical genus found mostly in Africa (De Crop et al., 2017) . Russula likely originated in the north temperate region c. 44 Ma (33-56; 95% highest posterior density interval) with at least one major shift to the tropics and multiple shifts back to temperate regions . Recent molecular systematic treatments have shown that many species are widespread across continents, segregated by either host or soil type, and may be extremely genetically similar in the internal transcribed spacer (ITS) marker region (Adam c ık et al., 2016; Wisitrassameewong et al., 2016) .
Many species of the ectomycorrhizal Russulaceae, especially the genus Russula, appear to be host generalists, however, some exhibit narrow or specific host preferences such as many Lactarius species in Europe De Crop et al., 2017) . Host specificity was investigated in a global survey of Russula, which found that association with conifers and frequent host switching from conifers to hardwoods with subsequent host expansion has driven Russula diversification . We hypothesize that closely related members of Russulaceae have taken advantage of similar niches in different geographical regions to fulfil specific roles for a phylogenetically wide range of hosts. A close look at Lactarius species in Alaska showed that species were highly partitioned by habitat type yet not necessarily by host (Geml et al., 2009) . Plant hosts may therefore act as bridges for these species of Russulaceae to expand and diversify globally without co-evolution with the host necessarily providing new niches for functional specialization.
Ecology, growth and ecosystem function
Ectomycorrhizal species of Russulaceae have an important role in ecosystems as plant-root symbionts, yet their specific roles in nutrient cycling and plant health are largely unknown. This area of research will be a major focus of the RGI project (Fig. 3) . One major trend observed for Russulaceae is that ectomycorrhizal communities can become dominated by a phylogenetically diverse group of Russulaceae in the presence of high N content (Lilleskov et al., 2002; Avis et al., 2003; Allison et al., 2008) . It has been suggested that the ectomycorrhizal Russulaceae have a competitive advantage when N is not limiting because they are adapted to acquire phosphorus, perhaps through oxalates produced from their mycorrhizal cystidia (Avis et al., 2003) . This lineage, along with the genus Amanita, was shown to grow slowly on nitrate and genes encoding for nitrate reductase (nar genes) could not be amplified using PCR primers possibly due to a loss of selective constraints (Nygren et al., 2008) . Nygren et al. (2008) suggest that ectomycorrhizal Russulaceae are specialized in the uptake of ammonium instead of nitrate as a N source, giving a competitive advantage as ammonium is a less energy-intensive source of N that does not require active transport across the cell membrane. We hypothesize that Russulaceae must have acquired an evolutionarily conserved genetic profile for N acquisition to gain a competitive advantage over other ectomycorrhizal fungi in N-rich ecosystems.
Niche differentiation has been proposed to explain the apparent functional redundancy in ectomycorrhizal fungi at both spatial and temporal scales ( (Grigoriev et al., 2014) . Clades are collapsed based on clades recovered from Miller et al. (2006) . Bootstrap values ≥50% are reported as thick branches. Representative samples of species or genera (when species data are not available), for which genomes are currently available, are highlighted in red. Gasteroid members of Russulaceae are included but not discussed as distinct genera due to their polyphyly within the agaric clades. Families and distinct lineages have their total species numbers reported based on Kirk (2017) .
Russulaceae species are partitioned by soil horizon, indicating spatial differentiation (Geml et al., 2010) . Most members of Russulaceae exhibit the contact exploration type of ectomycorrhiza with little to no emanating hyphae. However, some Lactarius have a medium-distance smooth exploration type of ectomycorrhiza (Agerer, 2001) . The contact exploration type has been correlated with the production of phenoloxidases (Agerer et al., 2000) , N isotope content (Hobbie & Agerer, 2010) and preference for root density (Peay et al., 2011) , which suggest functional conservation and potential competition for dense root colonization. Temporal partitioning has been found between Lactarius and Russula, with Lactarius species being abundant as mycelium or ectomycorrhizae during the fall season and Russula variably present throughout the year (Koide et al., 2007) . The opposite was found by Courty et al. (2008) where Lactarius species were found year-round and Russula abundant in the spring season only. This, along with observations of the differential timing of sporocarp production between closely related species, suggests that temporal preferences are not conserved at the genus level and may contribute to diversification through spatial niche partitioning within Russulaceae. However, the ectomycorrhizal Russulaceae lineage has a high species richness in some tropical ecosystems where soil profiles are not as stratified such as in southeast Asia and central Africa (Buyck et al., 1996) . This suggests that functional niche differentiation may be more important than spatial niche differentiation.
Sporocarps of ectomycorrhizal Russulaceae are occasionally observed fruiting on rotting wood (Kropp, 1982; Roberts et al., 2004) and trunks of trees (Henkel et al., 2000) . However, there is little evidence that ectomycorrhizal fungi are capable of saprotrophy (i.e. acquiring their C nutrition from dead organic matter). Traditional assays for enzymatic activity have determined that species in Russulaceae are unable to degrade biopolymers like cellulose to the extent that obligate saprotrophs do (Hutchinson 1990) . It also has been demonstrated that ectomycorrhizal members of Russulaceae have the typical N 15 : C 13 isotopic signature of ectomycorrhizal fungi, indicating that species are receiving C directly from the plant host and accessing older N from well-decayed soil organic matter (Hobbie et al., 2001) . Recent debate on whether ectomycorrhizal fungi can access organic C or N from soil organic matter has generated hypotheses with important implications for modeling ecosystem processes (Talbot et al., 2013; Lindahl & Tunlid, 2015; Pellitier & Zak, 2018) . We hypothesize that ectomycorrhizal Russulaceae have lost many genes capable of accessing C from cellulose and other C-rich biopolymers, as has been shown for the ectomycorrhizal genus Amanita (Wolfe et al., 2012) and in the sequenced genomes of other ectomycorrhizal lineages . With a likely white-rot ancestry, we hypothesize that Russulaceae will have retained a core set of genes that define a particular ecological strategy for scavenging nutrients from Family gene conservation Russulaceae have retained a core set of genes that define a particular ecological strategy for scavenging nutrients from targeted biopolymers in soil organic matter (e.g. proteins, chitin, lignin derivatives).
Lindahl & Tunlid (2015) and Pellitier & Zak (2018) Ecological gene conservation Less variation in gene copy number within gene families of ectomycorrhizal Russulaceae than between.
Eastwood et al. (2011) and Kohler et al. (2015)
Soil functional stratification Soil horizon preferences of Russulaceae species should also be depicted in decomposition gene families between the organic and mineral soil layers. Fig. 2 Maximum-likelihood phylogenetic reconstruction of Russulaceae based on a concatenation of three-gene sampling (internal transcribed spacer (ITS), large subunit (LSU) and rpb2) from Buyck et al. (2008) and Looney et al. (2016) . Clades are collapsed based on major clades identified in Looney et al. (2016) , the molecular subgeneric classification of Lactarius from Verbeken & Nuytinck (2013) (2017) . Taxon sampling for the Mycorrhizal Genome Initiative is highlighted in blue. Russulaceae Genome Inititative (RGI) samples are highlighted in red. An arrow is used to designate the probable placement given the low resolution of clades of Lactifluus for Lactifluus cf. subvellereus which shares higher identity of ITS and rpb2 with members of Lactifluus subgenus Lactariopsis.
Russulaceae also are important hosts for mycoheterotrophic plants of the families Orchidaceae and Ericaceae, whose members rely on the mycorrhizal fungal network to move fixed C from the ectomycorrhizal plant host to the usually achlorophyllous hemiparasitic plant (Bidartondo & Bruns, 2001 , 2005 Girlanda et al., 2006) . These plants rely on mycorrhization for their nutrition and for seed germination, which can be induced only by the same fungal species that associates with the mature plants. This extreme specificity has been hypothesized as the result of a coevolutionary interaction where specific volatile chemical cues of closely related fungal species sharing particular genotypes promote germination and growth but constrain host switching and seed germination success (Bidartondo & Bruns, 2005) . We hypothesize that these cues are derived from the same generalized signaling apparatus used in ectomycorrhizal synthesis.
In addition to their diverse and complex relationship with plants, members of Russulaceae have been shown to exhibit beneficial bacterial-fungal relationships. The interactions are increasingly being investigated with mycorrhizal fungi, which are known to harbor both mycorrhization helper bacteria and endosymbiotic bacteria that facilitate host colonization, nutrient acquisition and reproduction (Frey-Klett et al., 2007) . It is likely that the plant host controls for associated bacteria in these tripartite mutualisms, as shown with Lactarius deliciosus where mycosphere-associated bacteria promote nutrient mobilization for Pinus pinaster and root growth rate in Pinus pinea (Barriuso et al., 2005) . Another study examined bacterial associates with Lactarius rufus and found variation in growth-promoting properties with some isolates better able to spread to root tips and others able to increase root colonization up to twice as much as a control (Poole et al., 2001) . Metabolites from a specific mycorrhiza helper bacteria species, Paenibacillus sp., increased Lactarius deliciosus hyphal branching yet decreased hyphal radial growth, suggesting a particular mechanism for increasing plant mycorrhization (Aspray et al., 2013) . To our knowledge, no study has yet observed endosymbiotic bacteria in Russulaceae.
Spores of ectomycorrhizal Russulaceae do not germinate on media, so cultural studies are sourced from tissue of either a sporocarp or ectomycorrhizal root tip. We have produced a tissue culture library from ten isolated species to date from sporocarp or heterokaryotic tissues. Tissue samples were collected from mixed temperate hardwood forests (Lactarius cf. deliciosus, L. psammicola, Multifurca ochricompacta, Russula amoenolens and R. redolens) and Populus trichocarpa stands (Russula cerolens, R. pectinatoides and L. populinus). A growth study was conducted utilizing three of the fastest growing species, Multifurca ochricompacta, Lactarius cf. deliciosus and L. psammicola of the genomic dataset, which shows variation in tolerance to temperature, pH, organic nutrient sources and light (Fig. 4) . To explore plant-Russulaceae interactions, an ongoing effort to develop co-culture systems has been initiated in a glasshouse setting involving mycorrhized Populus with L. cf. deliciosus, M. ochricompacta and R. amoenolens. 
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Genomic content of Russulaceae
Numerous novel secondary compounds have been identified and isolated from ectomycorrhizal members of Russulaceae. A novel group of tricyclic sesquiterpenes with a lactarane structure are one of the most well-studied group of secondary compounds isolated from Russulaceae, which impart the characteristic sharp or acrid taste of sporocarps (Sterner et al., 1985) . These compounds are considered part of a chemical defense system that is enzymatically activated by physical trauma to the fungus, which then converts dialdehydes into iso-vellerol or vellerol to deter mycophagy by both insects and small mammals (Bergman et al., 1990; Daniewski et al., 1993; Hansson et al., 1993) . The presence of such a defense system seems to be in contrast to the lifestyle of sequestrate species of Russulaceae that rely on animal vectors for dispersal. However, sequestrate (truffle-like) species of Lactarius have been observed with fewer lactifers as their mushroom-forming relatives, suggesting evolutionary reduction of this defense system (Anke et al., 1989; Eberhardt & Verbeken, 2004) . Several other classes of terpenes including aristolane sesquiterpenes and seco-cucurbitane triterpenes also have been isolated from Russulaceae sporocarps and closely related species were found to be conserved for terpene content (Clericuzio et al., 2012) . However, many of the detected terpene structures are species-specific and named based on the species from which they were isolated.
The molecular basis for the establishment and maintenance of the mycorrhizal symbiosis has highlighted some key genetic components involved in this complex interaction. Transcriptomics of the ectomycorrhizal model Laccaria bicolor has led to the discovery of mycorrhizal induced small secreted proteins (MiSSPs) (Martin et al., 2008) , which are signaling molecules that can be involved in the control of the plant defenses and maintenance of mycorrhizal formation (Plett & Martin, 2011; Plett et al., 2014) . Another set of compounds implicated in mycorrhizal establishment are auxins released by colonizing hyphae that alter host auxin homeostasis to promote lateral root proliferation and arrest root meristem growth to produce short roots (Vayssieres et al., 2015) . Sesquiterpenes also have been implicated in lateral root proliferation before colonization, an effect hypothesized to increase plant nutrient uptake and plant exudate allocation to ectomycorrhizal fungi (Ditengou et al., 2015) . The presence of MiSSPs and other signaling molecules involved in mycorrhizal symbiosis has not been investigated in Russulaceae. It will be important to determine whether these model system findings are recapitulated in Russulaceae or whether novel mechanisms of plant signaling have arisen in this lineage.
Many oxidative enzymes, including lignin peroxidases (Chen et al., 2001; B€ odeker et al., 2009 ) and laccases (Gregg & Miller, 1940; Chen et al., 2003) have been detected in ectomycorrhizal members of Russulaceae, indicating a white-rot ancestry and potential ability to mobilize nutrients from lignin. Moreover, Russulaceae are dominant producers of these enzymes both in transcription levels and from enzymatic assays, even greater in abundance than those produced by saprotrophic fungi (Luis et al., 2005; Liao et al., 2014) . In a specific study on Lactarius quietus, secretion of extracellular enzymes, including laccases, correlated with the bud break of Quercus trees, where the fungus may supply C to the sapling when young and switch regulation to oxidative reactions as saplings leaf out (Courty et al., 2007) . According to Kohler et al. (2015) the gene composition for these compounds in ectomycorrhizal lineages is variable but indicates a pattern of convergent losses of lignin (class II) peroxidase genes. The number of gene copies, however, does not necessarily correlate to enzymatic activity (Shah et al., 2016) , so patterns of gene content need to be verified by transcriptomics and other experimental approaches. Additionally, previous studies have not addressed whether paralogs of a given gene family are regulated the same way or whether they act on the same or similar substrates. Within the Russulaceae, we hypothesize less variation in gene copy number within families of oxidoreductases and carbohydrate active enzymes (CAZys; www.cazy.org) than found between lineages of ectomycorrhizal fungi and different wood-rot classes of saprotrophic fungi (Eastwood et al., 2011) , indicating an evolutionarily conserved niche. This conserved niche likely promoted diversification within the lineage because species were able to specialize in adaptive nutritive strategies, which should be detectible as concerted gene duplications of oxidative enzymes such as lignin (class II) peroxidases, laccases and proteases. Soil horizon preferences of Russulaceae species should also be depicted in these gene families as substrate surfaces are distinctly different between the organic and mineral soil layers, and soil stratification has been identified as a driver of ectomycorrhizal diversification.
Data and culture availability
Genomes and transcriptomes sequenced by the JGI are available online through the MYCOCOSM user interface (https://genome. jgi.doe.gov/programs/fungi/index.jsf). For the last decade, the JGI has had a policy of immediate data release for all sequencing projects accepted through the Community Science Program (CSP) -and this applies to the Russulaceae Genomics Initiative (part of CSP no. 1974 ). This public release includes posting to the JGI genome portals, submission of raw data to the NCBI Sequence Read Archive (SRA), and in some cases submission of assembled and annotated data to GenBank. This policy is in agreement with the philosophy of the Fort Lauderdale Agreement and the Bermuda Principles established early in the genomic era, which state that sequence data 'should be freely available and in the public domain in order to encourage research and development and to maximise its benefit to society'. The RGI encourages researchers from all scientific backgrounds to engage with this dataset to help elucidate the genomic evolution and metabolic functions of Russulaceae and we are encouraging collaboration between all interested researchers. The associated culture collection of the RGI dataset is available by request from the corresponding authors and also will be deposited in the ATCC culture collection (www.atcc.org) for public accessibility (Table 1) .
Conclusions and future prospectives
Ectomycorrhizal Russulaceae fulfil important roles in large-scale ecosystem processes as nutrient cyclers across vast ectotrophic landscapes, but before we can begin to understand their cumulative effects we must first characterize representative species in isolation. The focus of the Russulaceae Genome Initiative (RGI) is to take an evolutionary approach to understand the functional diversity of a highly taxonomically diverse ectomycorrhizal lineage. The reference genomes produced by this project, along with the development of co-culture systems, will be a tremendous and promising resource for the identification of potential genetic controls for ectomycorrhizal association and decomposition. This dataset will particularly enable us to investigate related members of the same family, key in forest ecosystems, and compare to other resources available that are mostly representative of lab-workable species sampled across the fungal kingdom. Such a potential will determine evolutionary trends in the development of fungal chemical systems and establish links to both novel ecosystem functions and also novel community interactions. These novel resources will enhance the value of other fungal sequences through comparative studies of genome evolution, structure and metabolic pathways, and provide a more detailed insight into symbioses.
The RGI genomic datasets will provide a rich context to explore a number of large biological questions spanning the gamut of varied lifestyles of Russulaceae and their shared evolutionary history: Are specific functional traits conserved between clades of the family or is functional differentiation a driver of their diversification? Do Russulaceae have particular functional niches in forested ecosystems and can these be characterized in the pan-genome? How have functional roles in Russulaceae evolved and in what geographical and environmental context did this occur? Given their functional evolution can we predict how changing climate may affect their impact on ecosystem functioning? It is our long-term goal to develop the Russulaceae as a useful model group of ectomycorrhizal fungi for ectotrophic ecosystems. Fig. 4 Growth rates of genome strains of Lactarius cf. deliciosus, Lactarius psammicola and Multifurca ochricompacta cultivated on modified Melin-Norkrans Media with response to a temperature gradient (°C), a pH gradient, presence of extracted soil organic matter (S) and/or root macerates of Populus (M) compared to a control (C), and light vs dark conditions. SD, standard deviation. 
